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1.
1990 O. Penrose $\mathrm{P}.\mathrm{C}$ . Fife [7]
( , )
.
$\frac{de}{dt}-\Delta(-\frac{1}{\theta})=0$, $e=\theta+\lambda(w)$ $\mathrm{a}.\mathrm{e}$ . in $Q_{T}:=\Omega\cross(0, T)$ , (1.1)
$\frac{dw}{dt}$ - $\kappa\Delta w+g(w)+\frac{\lambda’(w)}{\theta}=0$
$\mathrm{a}.\mathrm{e}$ . in $Q_{T}$ . (1.2)
, $e$ , $\theta$ , $w$
. , “ ” $w$
.
, $\nabla(-\frac{1}{\theta})$ $\nabla w$ Neumann , $\vee\supset$
,
$\frac{\partial}{\partial\nu}(-\frac{1}{\theta})=\frac{\partial w}{\partial\nu}=0$
$\mathrm{a}.\mathrm{e}$ . on $\Sigma_{T}:=\Gamma \mathrm{x}(0, T)$ (1.3)
. , $\Omega$ $\mathrm{R}^{N}(N=1,2,3)$ $\Gamma:=\partial\Omega$
, $\nu$ $\Gamma$ .
, $\theta$ $w$
$\theta(0)=\theta_{0}$ , $w(0)=w_{0}$ $\mathrm{a}.\mathrm{e}$ . in $\Omega$ (1.4)
.
, $\{(1.1)-(1.4)\}$ (P) . (P)




$\int_{\Omega}e(t)=\int_{\Omega}\{\theta_{0}+\lambda(w_{0})\}$ , $\forall t\in[0, T]$ (1.5)
.




(1) $1\leq\forall p\leq\infty$ , $L^{p}(\Omega)$ $|\cdot|_{p}$ . , $H:=L^{2}(\Omega)$ , $L^{2}-$
$(\cdot, \cdot)$ .
(2) $V:=H^{1}(\Omega)$ , V $(\cdot, \cdot)_{V}$
$(v, w)_{V}:= \int_{\Omega}\nabla v\cdot\nabla w+(v, w)$ , \forall v $w\in V$
, V $||v||:=\sqrt{(v,v)_{V}}$ . , $V^{\star}$ $\langle\cdot, \cdot\rangle$ $V$
$V^{\star}$ $V$ .
(3) $H_{0}:= \{z\in H|\int_{\Omega}z=0\}$ $H$ , Ho Eo
$H$ . , $V_{0}:=V\cap H_{0}$ , $V_{0}^{\star},$ $\langle\cdot, \cdot\rangle_{0},$ $F_{0}$ $V_{0}$
, $V_{0}^{\star}$ $V_{0}$ , $V_{0}$ $V_{0}^{\star}$ . , V0
$(v, w)_{V_{0}}:=$ $\int_{\Omega}\nabla v\cdot\nabla w$ , $\forall v,$ $w\in V_{0}$
, V0 $||v||_{0}:=\sqrt{(v,v)_{V_{0}}}$ ,
$\langle F_{0}v, w\rangle_{0}=(v, w)_{V_{0}}$ , $\forall v,$ $w\in V_{0}$
, V0\star $(\cdot, \cdot)_{0\star}$ V0\star :
$(v^{\star}, w^{\star})_{0\star}:=\langle v^{\star}, F_{0}^{-1}w^{\star}\rangle_{0}(=\langle w^{\star}, F_{0}^{-1}v^{\star}\rangle_{0})$ , $\forall v^{\star},$ $w^{*}\in V_{0}^{\star}$ ,
$||v^{\star}||_{0\star}:=.\sqrt{(v^{\star},v^{\star})_{0\star}/}=||\Gamma_{0}^{-1} v^{\star}||_{0}$ , $\forall v^{\star}\in V_{0}^{\star}$ .
, (P) .
LL $(e, w)$ (P) , $(\mathrm{w}\mathrm{l})-(\mathrm{w}7)$ :
(w1) $e\in W^{1,2}(0,T;V^{\star})\cap L^{\infty}(0, T;H)$ .
(w2) $w\in W^{1,2}(0, T;H)\cap L^{\infty}(0, T;V)\cap L^{2}(0, T;H^{2}(\Omega))$.
(w3) $\theta=e-\lambda(w)>0\mathrm{a}.\mathrm{e}$ . in $Q_{T}$ .
$( \mathrm{w}4)\frac{1}{\theta}\in L^{2}(0, T;V)$ .
(w5) (1.1) :
$\langle e’(t)_{)}z\rangle+\int_{\Omega}\nabla(-\frac{1}{\theta})\cdot\nabla z=0$, $\forall z\in V_{\mathrm{J}}$ $\mathrm{a}.\mathrm{e}$ . $t\in(0,T)$ . (1.6)
(w6) (1.2) :
$(w’(t), z)+ \kappa\oint_{\Omega}\nabla w(t)\cdot\nabla z+(g(w(t))+\frac{\lambda’(w(t))}{\theta(t)},$ $z)=0$, (1.7)
$\forall z\in V$, $\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$ .
$\theta 5$
(w7) $e(0)=e_{0}:=\theta_{0}+\lambda(w_{0})$ , $w(0)=w_{0}$ .
, $e’$ $w’$ $\frac{de}{dt}$ $\frac{dw}{d\mathrm{f}}$ .
2.
, .
, $\lambda$ $g$ $\theta_{0}$ $w_{0}$
.
(A1) $\lambda\in C^{2}(\mathrm{R})$ $\lambda’’\in L^{\infty}(\mathrm{R})$ . , $| \lambda’’|_{\infty}:=\sup_{r\in \mathrm{R}}\lambda’’(r)$ . ,
:
$\exists c_{1}>0$ $\mathrm{s}.\mathrm{t}$ . $|\lambda(r)|\leq c_{1}(r^{2}+1)$ , $\forall r\in \mathrm{R}$ , (2.1)
$\exists c_{2}>0$ $\mathrm{s}.\mathrm{t}$ . $|\lambda’(r)|\leq c_{2}(|r|+1)$ , $\forall r\in \mathrm{R}$ . (2.2)
(A2) $g\in C^{1}(\mathrm{R})$ . , :
$\exists c_{3}>0$ $\mathrm{s}.\mathrm{t}$ . $|g(r)|\leq c_{3}(|r|^{3}+1)$ , $\forall r\in \mathrm{R}$ , (2.3)
$\exists c_{4}>0$ $\mathrm{s}.\mathrm{t}$ . $(g(r_{1})-g(r_{2}))(r_{1}-r_{2})\geq-c_{4}|r_{1}-r_{2}|^{2}$ , $\forall r_{1},r_{2}\in \mathrm{R}$ , (2.4)
$\lim_{rarrow\infty}g(r)=+\infty$ , $\lim_{rarrow-\infty}g(r)=-\infty$ . (2.5)
, $g$ $\hat{g}$ . , (2.5)
$\hat{g}(r)\geq 0$ , $\forall r\in \mathrm{R}$ (2.6)
. , $\hat{g}$ :
$\exists c_{5}>0,$ $\exists c_{6}>0$ $\mathrm{s}.\mathrm{t}$ . $\hat{g}(r)\geq c_{5}r^{4}-c_{6}$ , $\forall r\in \mathrm{R}$ . (2.7)
(A3) $\theta_{0}\in H,$ $| \int_{\Omega}\log\theta_{0}|<+\infty,$ $\theta_{0}>0$ $\mathrm{a}.\mathrm{e}$ . in $\Omega$ .
(A4) $w_{0}\in V$.
.
1. (P) $(e,w)$ .
, 3 1 , 4 .
3.
[3], [4], [6] ,
.
, $\mathrm{i}(\mathrm{i}=1,2)$ $(e0,:, w0,i)$ (P) $(e_{i}, w_{i})$




$\langle e_{2}’(t)-e_{1}’(t), z\rangle+\int_{\Omega}\nabla(-\frac{1}{\theta_{2}}+\frac{1}{\theta_{1}})(t)\cdot\nabla z=0$, $\forall z\in V$, $\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$ (3.2)
$(w_{2}’(t)-w_{1}’(t), z)+ \kappa\int_{\Omega}\nabla(w_{2}(t)-w_{1}(t))\cdot\nabla z+(g(w_{2}(t))-g(w_{1}(t)), z)$ (3.3)
$+( \frac{\lambda’(w_{2}(t))}{\theta_{2}(t)}-\frac{\lambda’(w_{1}(t))}{\theta_{1}(t)},$ $z)=0$, $\forall z\in V$, $\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$
. , (1.5) (3.1)
$\int_{\Omega}(e_{2}(t)-e_{1}(t))=0$ (3.4)
, e2 $(t)-e_{1}(t)\in H_{0}(\subseteq V_{0}^{\star})$ . ,
$\frac{1}{2}\frac{d}{dt}\{||e_{2}(t)-e_{1}(t)||_{0\star}^{2}+|w_{2}(t)-w_{1}(t)|_{2}^{2}\}+\kappa f_{\Omega}|\nabla(w_{2}(t)-w_{1}(t))|^{2}$
$=$ $((e_{2}’(t)-e_{1}’(t), \mathrm{e}2(t)-e_{1}(t)))_{0\star}+(w_{2}’(t)-w_{1}’(t.), w_{2}(t)-w_{1}(t))$
$[perp]_{\mathrm{t}} \kappa\oint_{\Omega}|\nabla(w_{2}(t)-w_{1}(t))|^{2}$
$=$ $\langle e_{2}’(t)-e_{1}’(t)_{7}F_{0}^{-1}(\mathrm{e}2(t)-e_{1}(t))\rangle_{0}+(w_{2}’(t)-w_{1}’(t), w_{2}(t)-w_{1}(t))$
$+ \kappa\int_{\Omega}|\nabla(w_{2}(t)-w_{1}(t))|^{2}$
. , (3.2) $z=F_{0}^{-1}(e_{2}(t)-e_{1}(t))$ , $\alpha(r)=-\frac{1}{r}(r>$
$0)$ (3.4), ,
$\langle z^{\star}, v\rangle_{0}=\langle z^{\star}, v\rangle$ , $\forall z^{\star}\in V_{0}^{\star},$ $\forall v\in V_{0}$
,
$\langle e_{2}’(t)-e_{1}’(t), F_{0}^{-1}(e_{2}(t)-e_{1}(t))\rangle$
$=$ $\langle e_{2}’(t)-e_{1}’(t), F_{0}^{-1}(\mathrm{e}2(t)-e_{1}(t))\rangle_{0}$
$=$ $- \int_{\Omega}\nabla$ (- $\frac{1}{\theta_{2}}+\frac{1}{\theta_{1}}$ ) $(t)\cdot\nabla F_{0}^{-1}(e_{2}(t)-e_{1}(t))$
$=$ $- \int_{\Omega}\nabla[(-\frac{1}{\theta_{2}}+\frac{1}{\theta_{1}})(t)-\frac{1}{|\Omega|}\oint_{\Omega}(-\frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)})\ovalbox{\tt\small REJECT}\cdot\nabla F_{0}^{-1}(e_{2}(t)-e_{1}(t))$
$=$ $-(F_{0}^{-1}(e_{2}(t)-e_{1}(t)),$
$- \frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)}-\frac{1}{|\Omega|}\int_{\Omega}(-\frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)}))_{V_{0}}$
$=$ $-\langle e_{2}(t)-e_{1}(t),$ $- \frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)}-\frac{1}{|\Omega|}\int_{\Omega}(-\frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)})\}_{0}$
87
$=$ $-(e_{2}(t)-e_{1}(t),$ $- \frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)})-\frac{1}{|\Omega|}(\int_{\Omega}(e_{2}(t)-e_{1}(t)))(I_{\Omega}(-\frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)}))$
$=$ $-(\theta_{2}(t)-\theta_{1}(t),$ $- \frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)})-(\lambda(w_{2}(t))-\lambda(w_{1}(t))_{?}-\frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)})$
$-(\lambda(w_{2}(t))-\lambda(w_{1}(t)),$ $- \frac{1}{\theta_{2}(t)}+\frac{1}{\theta_{1}(t)})$
.
, (3.3) $z=w_{2}(t)-w_{1}(t)$ , (2.4) ,
$(w_{2}’(t)-w_{1}’(t), w_{2}(t)-w_{1}(t))+ \kappa\int_{\Omega}|\nabla(w_{2}(t)-w_{1}(t))|^{2}$






. , $\lambda$ Taylor (At) ,
$\frac{1}{2}\frac{d}{dt}\{||e_{2}(t)-e_{1}(t)||_{0\star}^{2}+|w_{2}(t)-w_{1}(t)|_{2}^{2}\}+\kappa\oint_{\Omega}|\nabla(w_{2}(t)-w_{1}(t))|^{2}$




$|z|_{12/5}\leq|z|_{2}^{3/4}|z|_{6}^{1/4}$ , $\forall z\in L^{6}(\Omega)$
Sobolev













. , $\epsilon=\frac{\kappa}{4|\lambda|_{\infty}},$, , (3.5) ,
$\frac{d}{dt}\{||e_{2}(t)-e_{1}(t)||_{0\star}^{2}+|w_{2}(t)-w_{1}(t)|_{2}^{2}\}+\kappa\int_{\Omega}|\nabla(w_{2}(t)-w_{1}(t))|^{2}$ (3.7)
$\leq c_{8}(1+||\frac{1}{\theta_{1}(t)}||2 +|| \frac{1}{\theta_{2}(t)}||^{2})|w_{2}(t)-w_{1}(t)|_{2}^{2}$ , $\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$
. ,
$c_{8}:=c_{4}+ \frac{13|\lambda’’|_{\infty}}{12}(c_{7}^{3/2}+\frac{3c_{7}^{2}|\lambda’’|_{\infty}^{1/3}}{4\kappa^{1/3}})$ .
, (3.7) Gronwall ,
$||e_{2}(t)-e_{1}(t)||_{0\star}^{2}+|w_{2}(t)-w_{1}(t)|_{2}^{2}+ \kappa\int_{0}^{t}ds\int_{\Omega}|\nabla(w_{2}(s)-w_{1}(s))|^{2}$
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(3. S)$\leq\{||e_{0,2}-e_{0,\mathrm{I}}||_{0\star}^{2}+|w_{0,2}-w_{0,1}|_{2}^{2}\}\exp(c_{8}\int_{0}^{t}(1+||\frac{1}{\theta_{1}(s)}||2 +|| \frac{1}{\theta_{2}(s)}||^{2})ds)$ ,
$\forall t\in[0, T]$
. (3.8) (P) . $\theta$
3.1. (A3) (A4) $\{(e_{0,n}, w_{0,n})\}_{n\in \mathrm{N}}$ $(e_{0}, w_{0})$
. , (P) $\{(e_{n}, w_{n})\}_{n\in \mathrm{N}}$
$(e, w)$ , $\theta_{i}=e_{i}-\lambda(w_{i})$ $\theta=e-\lambda(w)$ . ,
$e_{0,n}arrow e_{0}$ in $V^{\star}$ $(narrow\infty)$ ,
$w_{0,n}arrow w_{0}$ in $H$ $(narrow\infty)$ ,
, $\{\frac{1}{\theta_{n}}\}_{n\in \mathrm{N}}\cup\{\frac{1}{\theta}\}$ $L^{2}(0,T;V)$ ,
$e_{n}arrow e$ in $C([0, T];V^{\star})$ $(narrow\infty)$ ,
$w_{n}arrow w$ in $C([0, T];H)\cap L^{2}(0,T;V)$ $(narrow\infty)$
.
4.
$(\theta_{0}, w_{0})$ $\{(\theta_{0,n}, w_{0,n})\}_{n\in \mathrm{N}}\subset H\mathrm{x}H^{2}(\Omega)$ .
(C1) $\{\frac{1}{\theta_{0,n}}\}_{n\in \mathrm{N}}\subset V,$ $\sup_{n\in \mathrm{N}}|\int_{\Omega}(-\log\theta_{0,n})|<+\infty,$ $\theta_{0,n}arrow\theta_{0}$ in $H(narrow\infty)$ .
(C2) $\{w_{0,n}\}_{n\in \mathrm{N}}\subset\{z\in H^{2}(\Omega)|\frac{\partial z}{\partial\nu}=0$ in $H^{1/2}(\Gamma)\},$ $w_{0,n}arrow$. $w_{0}$ In $V(narrow\infty)$ .
, (AP) .
$e_{n}’- \Delta(-\frac{1}{\theta_{n}})=0$ , $e_{n}=\theta_{n}+\lambda(w_{n})$ $\mathrm{a}.\mathrm{e}$. in $Q_{T}$ , (4.1)
$w_{n}’- \kappa\Delta w_{n}+g(w_{n})+\frac{\lambda’(w_{n})}{\theta_{n}}=0$ $\mathrm{a}.\mathrm{e}.$ in $Q_{T}$ , (4.2)
$\frac{\partial}{\partial\nu}(-\frac{1}{\theta_{n}})=\frac{\partial w_{n}}{\partial\nu}=0$ $\mathrm{a}.\mathrm{e}$ . on $\Sigma_{T,}$ (4.3)
$e_{n}(0)=e_{0,n}:=\theta_{0,n}+\lambda(w_{0,n})$ , $w_{n}(0)=w_{0,n}$ $\mathrm{a}.\mathrm{e}.$ in $\Omega$ . (4.4)
, [4] , (AP) $(e_{n}, w_{n})$ . ,
(AP) $(e_{n},w_{n})$ .
(S1) $e_{n}\in W^{1,2}(0, T;V^{\star})\cap L^{\infty}(0, T;H)$ .
(S2) $w_{n}\in W^{1,2}(0, T;H)\cap C([0, T];V)\cap L^{\infty}(0, T;H^{1}(\Omega))$ .
(S3) $\theta_{n}>0$ $\mathrm{a}.\mathrm{e}.$ in $Q_{T}$ .
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(S4) $\frac{1}{\theta_{n}}\in L^{\infty}(0,T;V)$ .
(S5) (4.1) I :
$\langle e_{n}’(t), z\rangle+\oint_{\Omega}\nabla(-\frac{1}{\theta_{n}})(t)\cdot\nabla z=0$ , $\forall z\in V$, $\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$ . (4.5)
(86)(4.2) :
$(w_{n}’(t),z)+ \kappa\int_{\Omega}\nabla w_{n}(t)\cdot\nabla z+(g(w_{n}(t))+\frac{\lambda’(w_{n}(t))}{\theta_{n}(t)},z)=0$, $\acute{(}4.6)$
$\forall z\in V$, $\mathrm{a}.\mathrm{e}$ . $t\in(0,T)$ .
(S7) $e_{n}(0)=e_{0,n},$ $w_{n}(0)=w_{0,n}$ .
, $\{(e_{n}, w_{n})\}_{n\in \mathrm{N}}$ $n$ l .
41. (P) (AP) $m_{0}$ $m_{0,n}$ . ,
$m_{0}:= \int_{\Omega}\{\theta_{0}+\lambda(w_{0})\}$ , $m_{0,n}:= \oint_{\Omega}\{\theta_{0,n}+\lambda(w_{0,n})\}$ , $\forall n\in \mathrm{N}$ . (4.7)
, .
$m0,narrow m_{0}$ in $\mathrm{R}(narrow\infty)$ .
. Taylor (2.2) ,
$|m_{0,n}-m_{0}|$
$\leq$ $\int$\Omega |\mbox{\boldmath $\theta$}0, $\theta_{0}|+\int_{\Omega}|\lambda(w_{0,n})-\lambda(w_{0})|$
$\leq$ $| \Omega|^{1/2}|\theta_{0,n}-\theta_{0}|_{2}+|\lambda’’|_{\infty}|w_{0,n}-w_{0}|_{2}^{2}+\int_{\Omega}|\lambda’(w_{0})||w_{0,n}-w_{0}|$
$\leq$ $|\Omega|^{1/2}|\theta_{0,n}-\theta_{0}|_{2}+|\lambda’’|_{\infty}|w_{0,n}-w_{0}|_{2}^{2}+c_{2}(|w_{0}|_{2}+|\Omega|^{1/2})|w_{0,n}-w_{0}|_{2}$
. , (C1) (C2) . $\theta$
42. $M_{1}$ :
$\sup_{0\leq t\leq T}\{||e_{n}(t)||_{\star}+\sup_{0\leq t\leq\tau}|||w_{n}(t)||+\sup_{0\leq t\leq T}\int_{0}^{t}||e_{n}’(s)||_{\star}^{2}ds+\sup_{0\leq t\leq T}\int_{0}^{\ell}|w_{n}’(s)|_{2}^{2}ds$
$+ \sup_{0\leq t\leq T}\int_{0}^{t}ds\int_{\Omega}|\nabla(-\frac{1}{\theta_{n}})(s)|^{2}\leq M_{1}$ , $\forall n\in \mathrm{N}$ .
. (4.5) $z=- \frac{1}{\theta_{n}(t)}$ ,
$\frac{d}{dt}\int_{\Omega}(-\log\theta_{n}(t))-\int_{\Omega}\frac{\lambda’(u\mathrm{t}_{n}(t))w_{n}’(t)}{\theta_{n}(t)}+\int_{\Omega}|\nabla(-\frac{1}{\theta_{n}})(t)|^{2}=0$ , $\mathrm{a}.\mathrm{e}$ . $t\in(0,T)(4.\mathrm{S})$
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. , $z=F_{0}^{-1}e_{n}’(t)$ ,
$||e_{n}’(t)||_{0\star}^{2}+ \frac{d}{dt}\int_{\Omega}(-\log\theta_{n}(t))-\int_{\Omega}\frac{\lambda’(w_{n}(t))w_{n}’(t)}{\theta_{n}(t)}=0$ , $\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$ (4.9)
$\not\supset\grave{\grave{3}}^{\prime \mathrm{g}}\{\yen \text{ }$ .
, (4.6) $z=w_{n}’(t)$ ,
$|w_{n}’(t)|_{2}^{2}+ \frac{d}{dt}\{\frac{\kappa}{2}\int_{\Omega}|\nabla w_{n}(t)|^{2}+\int_{\Omega}\mathit{9}(w_{\mathit{9}}(t))\}+\int_{\Omega}\frac{\lambda’(w_{n}(t))w_{n}’(t)}{\theta_{n}(t)}=0$ , (4.10)
$\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$
$\hslash\grave{\grave{>}}^{\nearrow \mathrm{B}}\mathrm{f}\tau \text{ }$ .
, (4.8)+(4.9)+2 $\mathrm{x}(4.10)$ $[0, t](\subseteq[0, T])$ ,
2 $\oint_{\Omega}(-\log\theta_{n}(t))+\kappa\oint_{\Omega}|\nabla w_{n}(t)|^{2}+2\int_{\Omega}\hat{g}(w_{n}(t))+\int_{0}^{t}||e_{n}’(s)||_{0\star}^{2}ds+\int_{0}^{t}|w_{n}’(s)|_{2}^{2}ds$
$+ \int_{0}^{t}ds\int_{\Omega}|\nabla(-\frac{1}{\theta_{n}})(s)|^{2}=2\int_{\Omega}(-\log\theta_{0,n})+\kappa\int_{\Omega}|\nabla w_{0,n}|^{2}+2\int_{\Omega}\hat{g}(w_{0,n})$ , $\forall t\in[0, T]$
. , (2.3), (2.7), (C1), (C2)
2 $\int_{\Omega}(-\log\theta_{n}(t))+\kappa\int_{\Omega}|\nabla w_{n}(t)|^{2}+2c_{5}|w_{n}(t)|_{4}^{4}+\int_{0}^{t}||e_{n}’(s)||_{0\star}^{2}ds$
$+ \int_{0}^{t}|w_{n}’(s)|_{2}^{2}ds+\int_{0}^{t}ds\int_{\Omega}|\nabla(-\frac{1}{\theta_{n}})(s)|^{2}\leq C_{1}$ , $\forall t\in[0, T]$ , $\forall n\in \mathrm{N}$
$C_{1}$ .
, [2]
$\exists C_{2}>0,$ $\exists C_{3}>0$ $\mathrm{s}.\mathrm{t}$ . $\int_{\Omega}(-\log z)\geq-C_{2}||z||_{\star}-C_{3}$ , $\forall z\in H$ (4.11)
$H\mathrm{c}arrow V^{\star}$ (2.1) ,
$\int_{\Omega}(-\log\theta_{n}(t))$










$e_{0,n}=\theta_{0,n}+\lambda(w_{0,n})arrow\theta_{0}+\lambda(w_{0})$ in $H$ $(narrow\infty)$
,
$\kappa\oint_{\Omega}|\nabla w_{n}(t)|^{2}+c_{5}|w_{n}(t)|_{4}^{4}+\frac{1}{2}f_{0}^{t}||e_{n}’(s)||_{0\star}^{2}ds+f^{t}|w_{n}’(s)|_{2}^{2}ds$
$+ \int_{0}^{t}ds\int_{\Omega}|\nabla(-\frac{1}{\theta_{n}})(t)|^{2}\leq C_{5}$ , $\forall t\in[0, T]$ , $\forall n\in \mathrm{N}$
$C_{5}$ . ,
$||z^{\star}||_{\star}\leq||z^{\star}||_{0\star}$, $\forall z^{\star}\in V_{0}^{\star}$
, . $\theta$
4.3. $M_{\dot{\mathrm{c}}}$ $(\mathrm{i}=2,3)$ :
$\sup_{0\leq t\leq T}|\int_{\Omega}(-\log\theta_{n}(t))|\leq M_{2}$ , (4.12)
$\sup_{0\leq t\leq T}|\theta_{n}(t))|_{1}\leq M_{3}$ , (4.13)
. (2.1), Sobolev $V\mapsto L^{4}(\Omega)$ (4.11) ,
$C_{6}$ ,
$| \oint_{\Omega}(-\log\theta_{n}(t))|$ $\leq$ $\int_{\Omega}(-\log\theta_{n}(t))+2(C_{2}||\theta_{n}(t)||_{\star}+C_{3})$
$\leq$ $\int_{\Omega}(-\log\theta_{n}(t))+C_{6}$( $||e_{n}(t)||_{\star}$ $||w_{n}(t)||^{2}+1$ )
. , 42 , (4.12) .




, 4.1 42 , (4.13) . $\theta$
43 , [5] , .
. , [3] .
4.4. $M_{4}$ :
$\sup_{0\leq t\leq T}\int_{0}^{t}$ $|| \frac{1}{\theta_{n}(t)}||ds\leq M_{4}$ , $\forall n\in \mathrm{N}$ .
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4.5. $M_{5}$ :
$\sup_{0\leq t\leq\tau}\int_{0}^{\mathrm{t}}||w_{n}(t)||L_{(\Omega)}\mathit{2}ds\leq M_{5}$ , $\forall n\in$ N.
Bfl. (4.2) ,
$\kappa\Delta w_{n}=w_{n}’+g(w_{n})+\frac{\lambda’(w_{n})}{\theta_{n}}$ $\mathrm{a}.\mathrm{e}.$ in $Q_{T}$ (4.14)
. , (2.3) (3.6) ,
$|g(w_{n}(t))|_{2}$ $=$ $( \int_{\Omega}|g(w_{n}(t))|^{2})^{1/2}$
$\leq$ $\sqrt{2}c_{3}(|w_{n}(t)|_{6}^{3}+|\Omega|)$
$\leq$ $\sqrt{2}c_{3}(c_{7}||w_{n}(t)||^{3}+|\Omega|)$
. , 42 , $C_{7}$ :
$\sup_{0\leq t\leq T}|g(w_{n}(t))|_{2}\leq C_{7}$ , $\forall n\in \mathrm{R}$ . (4.15)
, (3.6) Sobolev $V\mathrm{c}arrow L^{3}(\Omega)$ , (2.2)





. , 42 44 , $C_{9}$
:
$\sup_{0\leq t\leq T}\int_{0}^{t}|\frac{\lambda’(w_{n}(s))}{\theta_{n}(s)}|_{2}^{2}ds\leq C_{9}$, $\forall n\in \mathrm{N}$ . (4.16)
(4.14)–(4.16) , 42 $w_{n}’$ $L^{2}(0,T;H)$
,
$\sup_{0\leq t\leq T}\int_{0}^{t}|\Delta w_{n}(s)|_{2}^{2}ds\leq C_{10}$ , $\forall n\in \mathrm{N}$




$\sup$ $|\theta_{n}(t)|_{2}\leq M_{6}$ , $\forall n\in \mathrm{N}$ .
$0\leq t\leq T$
. , $\alpha(r):=-\frac{1}{f}(r>0),$ $\lambda,$ $g$
, . ,
, [4] .
, (4.6) $z=\theta_{n}(t)$ , $\alpha(r):=-\frac{1}{r}(r>0)$ ,
$\frac{d}{dt}|\theta_{n}(t)|_{2}^{2}\leq 2\int_{\Omega}|\lambda’(w_{n}(t))||w_{n}’(t)||\theta_{n}(t)|$ , $\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$






$\leq$ $c_{2}^{2}(C_{11}||w_{n}(t)||_{H^{2}(\Omega\}}^{2}+1)| \theta_{n}(t)|_{2}^{2}+\frac{1}{2}|w_{n}’(t)|_{2}^{2}$ .
, $C_{12}$ , :
$\frac{d}{dt}|\theta_{n}(t)|_{2}^{2}\leq C_{12}(||w_{n}(t)||_{H^{2}(\Omega)}^{2}+1)|\theta_{n}(t)|_{2}^{2}+|w_{n}’(t)|_{2}^{2}$, $\mathrm{a}.\mathrm{e}$ . $t\in(0, T)$ .
, Gronwall ,
$| \theta_{n}(t)|_{2}^{2}\leq|\theta_{0,n}|_{2}^{2}\exp(C_{12}\int_{0}^{t}(||w_{n}(s)||_{H^{2}(\Omega)}^{2}+1)ds)$
$+ \int_{0}^{t}|w_{n}’(s)|_{2}^{2}\exp(C_{12}\int_{s}^{l}(||w_{n}(\sigma)||_{H^{2}(\Omega)}^{2}+1)d\sigma)ds$ , $\forall t\in[0, T]$
. , 42 45 , . $\theta$
42–46 , (P) .
. 4.2–4.6 ,
$\{n_{k}\}_{k\in \mathrm{N}}\subseteq \mathrm{N}$ $\theta,$ $w,\overline{\alpha}$ :
$\theta_{k}:=\theta_{n_{k}}arrow\theta$ $\{$
weakly in $W^{1,2}(0, T;V^{\star})$ ,
strongly in $C([0,T];V^{\star})$ ,




weakly in $W^{1,2}(0, T;H)_{7}$
strongly in $C([0, T]; H)$ ,
$\star$ -weakly in $L^{\infty}(0, T;V)$ ,
weakly in $L^{2}(0, T_{7}.H^{2}(\Omega))$ ,
$(karrow\infty)$ ,
$- \frac{1}{\theta_{k}}-\tilde{\alpha}$ weakly in $L^{2}(0, T;V)$ , $(karrow\infty)$ .
, (A1) (A2) , Lebesgue ,
:
$\lambda(w_{k})arrow\lambda(w)$ strongly in $L^{2}(0,T;H)$ ,
$\lambda’(w_{k})arrow\lambda’(w)$ strongly in $L^{2}(0,T;H)$ ,
$g(w_{k})arrow g(w)$ $\mathrm{s}\mathrm{t}\mathrm{r}\mathrm{o}\mathrm{n}\mathrm{g}^{\backslash }1\mathrm{y}$ in $L^{2}(0,T;H)$ , $(karrow\infty)$ .
$\lambda’(w_{k})w_{k}’arrow\lambda’(w)w’$ weakly in $L^{2}(0,T;H)$ ,
$- \frac{\lambda’(w_{k})}{\theta_{k}}arrow\tilde{\alpha}\lambda’(w)$ weakly in $L^{2}(0,T;H)$ ,
, $(\theta, w,\tilde{\alpha})$ :
$\langle\theta’(t), z\rangle+(\lambda’(w(t))w’(t), z)+\int_{\Omega}\nabla\tilde{\alpha}(t)\cdot\nabla z=0$ , $\forall z\in V$, $\mathrm{a}.\mathrm{e}$ . $t\in(0,T)$ ,
$(w’(t), z)+ \kappa\int_{\Omega}\nabla w(t)\cdot\nabla z+(g(w(t))-\tilde{\alpha}(t)\lambda’(w(t)), z)=0$,
$\forall z\in V$, $\mathrm{a}.\mathrm{e}$ . $t\in(\mathrm{O}, T)$ ,
$\theta(0)=\theta_{0}$ , $w(0)=w_{0}$ $\mathrm{a}.\mathrm{e}$ . in $\Omega$ .
, $\tilde{\alpha}=-\frac{1}{\theta}$ . [1]
[4] . , $L^{2}(0, T;H)$ $\alpha$
:
$\forall v\in L^{2}(0, T;H)$ , $[ \alpha(v)](x, t)=-\frac{1}{v(x,t)}$ , $\forall(x,t)\in Q_{T}$ .
, $\alpha$ $L^{2}(0,T;H)$ .
, $\alpha(v)\in L^{2}(0,T;H)$ $v\in L^{2}(0, T;H)$ ,
$\int_{0}^{T}(-\frac{1}{\theta_{k}(t)}+\frac{1}{v(t)},$ $\theta_{k}(t)-v(t))dt\geq 0$ ,
$\vee\supset \text{ }\mathrm{y}2$ ,
$\int_{0}^{T}\{\langle\theta_{k}(t),$ $- \frac{1}{\theta_{k}(t)}\}-\{v(t),$ $- \frac{1}{\theta_{k}(t)}\}\}dt\geq\int_{0}^{T}\{$ $(- \frac{1}{v(t)},$ $\theta_{k}(t))-$ $(-$ $\frac{1}{v(t)},$ $v(t))\}dt$
1OB
. , $karrow\infty$ ,
$\int_{0}^{T}\{\langle\theta(t),\tilde{\alpha}(t)\rangle-\langle v(t),\tilde{\alpha}(t)\rangle\}dt\geq\int_{0}^{T}\{(-\frac{1}{v(t)},$ $\theta(t))-(-\frac{1}{v(t)},$ $v(t))\}dt$ ,
,
$\int_{0}^{T}$ ($\tilde{\alpha}(t)+\frac{1}{v(t)}$ , $\theta(t)-v(t)$) $dt\geq 0$
. , $\tilde{\alpha}=\alpha(\theta)=-\frac{1}{\theta}$ . $\theta$
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